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The Drosophila PAR-1 Spacer Domain Is
Required for Lateral Membrane Association and
for Polarization of Follicular Epithelial Cells
green fluorescent protein (GFP) and expressed them in
the columnar FEof stage-10 egg chambers.GFP-tagged
full-lengthDrosophilaPAR-1 (GFP-PAR-1N1S [10]; here
called GFP-PAR-1 FL) genetically rescues par-1 loss-
of-function mutants and localizes laterally and to intra-
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cellular dots in FE cells (Figure 1A; [4]). GFP-PAR-1 lack-69117 Heidelberg
ing the spacer domain (GFP-PAR-1SP) shows reducedGermany
lateral localization and a diffuse intracellular signal (Fig-2The Department of Cell Biology
ure 1B). The spacer domain of PAR-1 fused to GFPUniversity Medical Centre Utrecht
(GFP-PAR-1 SP) localizes laterally and to intracellularAZU Rm G02.525, Heidelberglaan 100
dots and the nucleus (Figure 1C). The replacement of3584CX Utrecht
twoconserved regulatorySer/Thr in the catalytic domainThe Netherlands
of PAR-1 [11, 12] with Ala (GFP-PAR-1 K*) dramatically
reduces kinase activity (P. Papadaki and A.E., unpub-
lished results) but does not affect the ability of the pro-Summary
tein to localize laterally (Figure 1D). These results indi-
cate that the spacer domain is necessary for PAR-1The Ser/Thr kinases of the PAR-1/MARK/Kin1 family
localization to the lateral cortex of follicular epitheliumare conserved regulators of polarity in epithelial and
(FE) cells.non-epithelial cells [1].Drosophila PAR-1 localizes lat-
As in FE cells, Drosophila Schneider 2 (S2) cells showerally in the follicular epithelium of the ovary [2, 3],
GFP-PAR-1 FL and GFP-PAR-1 SP localization to thewhere it has been shown to function at two distinct
plasma membrane (PM) and to intracellular dots corre-levels: It stabilizes the cytoskeleton [3, 4] and it regu-
sponding to the Golgi apparatus (Figure S1A in the Sup-lates apical-basal polarity by directly inhibiting lateral
plemental Data available with this article online). Weassembly of the apical aPKC/Bazooka/PAR-6 complex
therefore further dissected the role of the spacer domain[5, 6]. However, it has been unclear how lateral local-
in cortical localization of PAR-1 in S2 cells. Themutationization of Drosophila PAR-1 is achieved and whether
of four amino acids within the T domain that are critical
this localization contributes to epithelial polarity
for lateral membrane-targeting of the low-density lipo-
in vivo. Here we show that, through its spacer domain, protein (LDL) receptor in MDCK cells [13], does not im-
Drosophila PAR-1 accumulates on the lateral plasma pair GFP-PAR-1 T* localization in S2 cells (Figure S1A).
membrane (PM) in cells of the follicular epithelium (FE). These data suggest that the conserved T domain does
Rescue experiments indicate that in FE cells PAR-1 not play a role in PAR-1 membrane localization.
kinase activity is essential for all the described func- The spacer domain of PAR-1 contains two highly con-
tions of PAR-1. In contrast, the spacer domain of served amino acid stretches that include predicted
PAR-1 is required for apical-basal polarity and growth phosphorylation sites (sites A, B, and C; Figure S1B). In
control but is dispensable for microtubule (MT) stabili- S2 cells, GFP-PAR-1 mutants in which the candidate
zation. Our data indicate that the spacer domain of Ser/Thr targets within these sites were independently re-
PAR-1 is required for lateral PM localization of PAR-1 placed by Ala localize indistinguishably from GFP-PAR-1
kinase and for development of a polarized FE. FL (GFP-PAR-1 A*, B*, and C*; Figure S1A). The phos-
phorylation by aPKCof Thr-564 and -595within the spacer
Results and Discussion domain of hPar-1b and hPar-1a (MARK3/C-TAK1), re-
spectively, was recently reported to downregulate their
PAR-1 Localizes to the Lateral PM cortical localization uponaPKCoverexpression [14]. The
via Its Spacer Domain homologous Thr in Drosophila PAR-1 is Thr-797 in site
PAR-1N1S, the predominant PAR-1 isoform inDrosoph- C of the spacer domain. As was the case in S2 cells
ila ovaries [2, 7], is composed of an N terminus and (Figure S1A), mutation of Thr-797 to Ala does not alter
kinase and spacer domains (Figure 1A). The kinase and the ability of the protein to associate to the PM in follicle
spacer domains are separated by conserved T and UBA cells (Figure S1C). However, GFP-PAR-1 C* shows in-
domains [8]. This isoform lacks the conserved C-ter- creased accumulation on the apical membrane when
minal domain that, together with the spacer domain, is compared to GFP-PAR-1 FL (Figure S1C; compare with
required for basolateral localization of EMK2/Par-1b in Figure 1A), suggesting that site C within the spacer do-
Madin-Darby canine kidney (MDCK) cells [9]. main is critical for restriction of the spacer-dependent
To determine which part of PAR-1 is responsible for localization of PAR-1 to the lateral plasma membrane.
To characterize the cortical localization of Drosophilaits localization to the lateral cortex of FE cells, we gener-
PAR-1, we fractionated Drosophila ovary extracts intoated a series of PAR-1 deletion mutants tagged with
a high-speed cytosolic fraction (S) and a membrane
pellet (P). Western-blot analysis reveals that the bulk*Correspondence: ephrussi@embl.de
of PAR-1 is recovered in the pellet (Figure S2A). As3Present address: Department of Molecular and Cell Biology, Uni-
expected, -tubulin is found almost exclusively in theversity of California, Berkeley, 142 Life Sciences Addition #3200,
Berkeley, California 94720. cytosolic fraction. A similar proportion of PAR-1 is en-
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Figure 1. The PAR-1 Spacer Domain Is Required for Lateral Localization in FE Cells
(A–D) Schematic representation of the domain structure of GFP-PAR-1 constructs.
(A and A″, B and B″, C and C″, D and D″) Localization of the indicated GFP-PAR-1 construct in cells of the columnar FE. Two perpendicular
confocal sections are shown. The lateral PM localization of GFP-PAR-1 K* is consistent with that observed for a mutant of the mammalian
PAR-1 homolog EMK1 lacking the entire kinase domain, which localizes laterally in MDCK cells [32]. The scale bars represent 5 m.
riched in the pellets of S2-cell extracts (Figure S2B). To membrane organelles in FE cells (Figure S2E). IEM using
the anti-PAR-1N1 antibody [15] results in a similar deco-assess the nature of PAR-1 association with mem-
branes, we treated the S2-cell pellets under different ration of the Golgi apparatus (Figure S2F) and of other
intracellular membranes (data not shown), suggestingconditions. Washing the pellets either with high salt or
under denaturing conditions releasedamajor proportion that the presence of GFP-PAR-1 FL on intracellular
membranes is not due to overexpression or taggingof PAR-1, suggesting that PAR-1 associates with mem-
branes peripherally (Figure S2B). artifacts. Compared to the distribution of GFP-PAR-1
FL, GFP-PAR-1 SP localization to the lateral PM wasSurprisingly, fractionation experiments in S2 cells
showed that GFP-PAR-1 SP, which poorly localizes to reduced and we also observed an increase in localiza-
tion to the endoplasmic reticulum (Table 1). These datathe lateral cortex (Figure 1B), is present in membrane
fractions in proportions similar to GFP-PAR-1 FL (Figure suggest that the spacer domain is dispensable for
PAR-1 localization to membrane organelles. However,S2C). To resolve this apparent contradiction, we ex-
pressed GFP-PAR-1 FL and GFP-PAR-1 SP in FE cells this domain mediates specific localization of PAR-1 to
the lateral PM.(Figure S2D) and used anti-GFP antibodies to compare
their sub-cellular distribution by immunoelectron mi-
croscopy (IEM) (Table 1). GFP-PAR-1 FL is tightly asso-
The Spacer Domain of PAR-1 Is Requiredciated to the lateral PM and decorates the intracellular-
for Epithelial Polarization
par-1 null (par-1W3) follicle cells display a much denser
array of microtubules (MTs) than do wild-type cells [4],Table 1. Quantification of the Amount of Gold Particles
Detecting GFP-PAR-1 FL and GFP-PAR-1 SP per Cell consistent with the fact that MARK kinases increase the
Compartment in the Columnar FE of Stage-10 Egg Chambers dynamic instability of MTs by phosphorylation of MAPs
[12]. However, the MTs are much less stable in par-1W3GFP-PAR-1 FL GFP-PAR-1 SP
than in wild-type FE cells, such that the brightness of
Cytosol 4  2% 10  3%
MTs in immunostainings inversely correlates with theNucleus 9  1% 9  1%
stability of the MT cytoskeleton, and brighter anti-Membranes:
-tubulin staining thus indicates decreasedMT stability.PM 28  6% 5  3%
Of which apical 5  3% 60  10% In addition, MTs of par-1W3 follicle cells are more sensi-
Of which lateral 74  9% 16  5% tive to colcemid-induceddepolymerization than areMTs
Of which basal 21  7% 24  7% of wild-type cells [4]. Because the spacer domain of
Golgi apparatus 9  3% 8  1%
PAR-1 is required for lateral accumulation of the protein,ER  vesicles 50  7% 68  3%
we determined whether this domain is required forEndosomes 0% 0%
PAR-1-dependent integrity of the FE MT cytoskeleton.
Equal numbers of gold particles were counted.
To this end, we tested the ability of GFP-PAR-1 SP
Drosophila PAR-1 in Epithelial Polarity
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Figure 2. The PAR-1 Spacer Domain Is Dispensable for Stabilization of the MT Cytoskeleton
(A–D) Single confocal IF sections stained to reveal the MT cytoskeleton in par-1W3 FE cells expressing the indicated GFP-PAR-1 construct.
Single -tubulin channels are shown in (A), (B), (C), and (D). The scale bar represents 5 m.
to rescue the MT instability of par-1 null FE cells by tion (Figures 3A–3D). GFP-PAR-1 FL supports develop-
ment of a morphologically normal cuboidal monolayerexpressing the mutant protein in par-1W3 cell clones (see
Experimental Procedures) with a modification of the of cells that differentiates into a columnar cell layer after
stage 6 (Figures 3Aand 3B; [4]). Expression of GFP-MARCM system [16]. We evaluated the stability of the
MT cytoskeleton of the GFP-positive par-1W3 FE cells PAR-1 SP in par-1W3 FE cells supports development
of an FE containing round cells that protrude from someexpressing GFP-PAR-1 SP (or control trangenes) by
staining MTs with an anti--tubulin antibody (Figure 2). portions of an otherwise normal cuboidal epithelium
(Figures 3C and 3D). Multilayering of the FE is evidentAs a negative control, we expressed GFP in par-1W3 FE
cell clones and observed that in the mutant cells the after stage 6 (see arrowheads in Figure 3D), correlates
with a failure to differentiate a columnar FE over theMT cytoskeleton is less stable than that of neighboring
wild-type cells (Figures 2A and 2A), as previously re- oocyte (compare Figures 3D and 3B), and in severe
cases results in egg-chamber degeneration aroundported [4]. In contrast, expression of the positive control,
GFP-PAR-1 FL, in par-1W3 follicle cell clones results in stages 8 and 9 (data not shown). GFP-PAR-1 SP is
expressed at a level comparable to GFP-PAR-1 FL (Fig-a MT cytoskeleton as stable as that of neighboring wild-
type cells (Figures 2B and 2B). Expression of GFP-PAR- ure S2D). Therefore, the incomplete degree of rescue by
GFP-PAR-1 SP is most likely not due to an insufficient1 K* results in unstable MTs, consistent with a role of
the kinase domain in MT stabilization (Figures 2C and overall amount of PAR-1 in GFP-PAR-1 SP-expressing
cells, but rather to the absence of the spacer domain.2C). Expression of GFP-PAR-1 SP in par-1W3 FE cell
clones rescuesMT stability (Figures 2D and 2D). Finally, We never observed par-1W3 follicles when expressing
GFP-PAR-1 constructs in which the kinase domain wasGFP-PAR-1 SP and GFP-PAR-1 FL behave as wild-
type cells in colcemid-sensitivity experiments (data not either lacking or mutated (data not shown), indicating
that the kinase activity of PAR-1 is crucial to supportingshown). These data suggest that the spacer domain of
PAR-1 is dispensable for PAR-1-dependent stabilization the viability and development of follicle cells. Finally,
GFP-PAR-1 C* expression in wild-type FE is sufficientof the FE MT cytoskeleton.
We next tested whether the spacer domain of PAR-1 to cause multilayering of the FE at the extremities of the
egg chamber, suggesting that GFP-PAR-1 C* acts in ais required for the formation and polarization of the FE.
A loss of apical-basal polarity is observed in par-1W3 dominant-negative fashion (Figure S1D).
We then assessed whether par-1W3 follicle cells res-FE cell clones; the FE loses its integrity and becomes
multilayered, andmarkers of polarity are lost ormislocal- cued with GFP-PAR-1 SP are indeed epithelial cells
by evaluating their polarization and arrest in interphase.ized. par-1 null cells eventually die or are lost from the
epithelium, preventing the generation of large clones First, we visualized by immunofluorescence (IF) the dis-
tribution of DE-cadherin, atypical kinase C (aPKC), andof mutant cells [3, 4]. To assess the ability of GFP-
PAR-1 SP to support complete development of the FE, discs large (Dlg) (Figure 4), markers of apico-lateral ad-
herens junctions, the apical PM domains, and the lateralwe generated GFP-PAR-1 SP-expressing par-1W3 FE
cell clones in the larval ovary and monitored the pres- PM domains, respectively [17–19]. We found that the
apical-lateral localization of DE-cadherin is retained inence and morphology of GFP-positive follicle cells at
stages 1–6 of oogenesis in the ovaries of the resulting GFP-PAR-1 SP-rescued cells that show an epithelial-
like morphology and is lost in GFP-PAR-1 SP-rescuedadults (Figure 3). Expression of either GFP-PAR-1 FL or
GFP-PAR-1 SP in par-1W3 FE cells rescues FE forma- cells that lie out of the plane of the epithelium, at the
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Figure 3. The PAR-1 Spacer Domain Is Required for FE Integrity
Single confocal sections of egg chambers at stages 1–6 (A) and (C) or 8 (B) and (D) of oogenesis, in which par-1W3 FE cells express GFP-
PAR-1 FL (A) and (B) or GFP-PAR-1 SP (C) and (D). Arrowheads in (D) point to a multilayered region of the rescued FE. Sections in (B) and
(D) were stained to reveal the actin cytoskeleton (phalloidin; red) and the nuclei (DAPI; blue).
extremities of the egg chambers (Figure 4A). Apical lo- A Thr-to-Ala single-point mutation in the putative
aPKC-target (C) site of the PAR-1 spacer domain causescalization of aPKC and lateral localization of Dlg are
frequently altered in a similar fashion (Figures 4B and PAR-1 mislocalization to the apical membrane. These
data and the homology between site C and the aPKC4C), suggesting that the spacer domain of PAR-1 is
required for apical-basal polarization of FE cells. phosphorylation site within the spacer domain of hPar-
1b and hPar-1a (MARK3/C-TAK1) suggest that apicallyNext, we stained ovaries to detect the presence of
cells positive for phospho-Histone 3, a marker of cells localized aPKC might exclude PAR-1 from the apical
plasma membrane by phosphorylation of site C, as re-in mitosis. As a result of cell-division arrest of the FE at
stage 6 of oogenesis, phospho-Histone-3-positive cells cently shown in mammals [14]. We have also shown that
expression of apically localized GFP-PAR-1 C* causesare never observed after this stage in wild-type FE or
in par-1 null FE cells rescued with GFP-PAR-1 FL (data multilayering of the FE. PAR-1 is known to act on apical
restriction of the aPKC/Bazooka/PAR-6 complex [6].not shown). In contrast, phospho-Histone-3-positive
cells are present beyond stage 6 exclusively within the This suggests that residual PAR-1 on the apical mem-
brane might affect FE organization by interfering withmultilayeredportion of FEcells rescuedwithGFP-PAR-1
SP (Figure 4D). Taken together, these results indicate the formation of the aPKC/Bazooka/PAR-6 complex.
Further analysis is required to determine whether Dro-that the PAR-1 spacer domain is required for PAR-1
function in the epithelial organization of follicular cells sophila aPKC phosporylates site C and whether aPKC
is instrumental in regulating the amount of PAR-1 onbut dispensable for stabilization of their MT cyto-
skeleton. the plasma membrane.
To address the role of the PAR-1 spacer domainWe have shown that the PAR-1 spacer domain is spe-
cifically required for lateral PM localization in FE cells. in vivo, we assessed the capacity of GFP-PAR-1 SP,
which shows a strong reduction of lateral PM localiza-PAR-1 does not contain any apparent transmembrane
domain and appears to interact peripherally with mem- tion in the FE, to suppress the phenotypes of par-1 null
FE cell clones. Comparison of the phenotypes of par-1branes, probably through interaction with membrane
bound proteins. Although PAR-1 lacking the spacer do- null clones and of par-1 null clones rescued by GFP-
PAR-1 SP reveals that the latter display only a subsetmain fails to localize to the lateral PM, it is detected on
intracellular membranes. Therefore, two sets of inter- of the phenotypes of the former. Although they are viable
and maintained in the FE, some of the GFP-PAR-1 SP-acting proteinsmaymediatePAR-1 localization to differ-
ent types of membranes. rescued FE cells, especially those at the extremities of
the egg chamber, fail to correctly localize aPKC to theGFP-PAR-1 FL, which does not contain the C-terminal
domain, localizes to the lateral PM. This is in contrast apical membrane. These data suggest that, in the ab-
sence of the spacer domain, PAR-1 might fail to excludeto the mammalian homolog (EMK2/Par-1b), whose ba-
solateral localization requires the C-terminal domain [9]. the aPKC/Bazooka/PAR-6 complex from the lateral
membrane.Therefore, it is probable that themechanisms underlying
PAR-1 membrane localization differ between species. Multilayering at the egg chamber extremities is com-
Drosophila PAR-1 in Epithelial Polarity
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Figure 4. The PAR-1 Spacer Domain Is Required for FE Polarization
(A) Single confocal sections of stage 8 egg chambers, in which par-1W3 FE cells expressing GFP-PAR-1 SP (green) were stained to reveal
DE-cadherin (A; DE-cad), aPKC (B), and Dlg (C).
(A–C) Arrowheads point to the accumulation of mesenchymal-like cells in the FE. Single DE-cad, aPKC, and Dlg channels are shown.
(D) Single confocal IF sections stained to reveal mitotic cells (p-Histone3; red) and the actin cytoskelton (phalloidin; purple) in egg chambers,
in which some cells are par-1W3 FE cells expressing GFP-PAR-1 SP (green). Arrowheads point to dividing cells in the rescued FE. The scale
bars represent 20 m.
monly observed in FE mutants for other polarity genes, might act from the lateral PM to directly effect cell-
cycle control. In fact, one of the distantly related PAR-1such as aPKC (our unpublished data), dlg, lgl, and scrib
[20]. The mechanism of PAR-1-dependent lateral exclu- homologs, hPar-1a, regulates the cell cycle by 14-3-3-
dependent phosphorylation of Cdc25C [21].sion of the aPKC/Bazooka/PAR-6 complex is redundant
with a second apical retention mechanism, provided by GFP-PAR-1 SP-rescued cells show a stabilized MT
cytoskeleton. Thus, lateral PM localization of PAR-1the CRB/STD/Patj complex [6]. This evidence suggests
that physical constraints due to the geometry of the might be essential for polarization but dispensable for
MT stabilization. In hepatic cells, membranes of theFE might demand activity of both the CRB/STD/Patj
complex andof PAR-1 at the extremities of egg chambers. Golgi apparatus can nucleateMTs [22]. It will be interest-
ing to determine whether the cytosolic or the Golgi-PAR-1 localized on the lateral PMmight effect epithe-
lial polarization by influencing other polarity molecules associated Drosophila PAR-1 is responsible for MT sta-
bilization in FE cells. Alternatively, it is possible that MTacting on the lateral PM, such as components of the
Scribble/Discs large/Lethal(2)giant larvae complex. Con- stabilization and FE polarization require different levels
of PAR-1 activity on the lateral PM, such that the residualsistent with this and with the fact that mutation of scrib,
dlg, or lgl causes multilayering and loss of cell-cycle PAR-1 present on the lateral PM of GFP-PAR-1 SP-
rescued FE cells is sufficient to stabilize MT but not tocontrol of FE cells [20], a portion of GFP-PAR-1 SP-
rescued cells shows aberrant dlg localization and fails effect polarization.
Based on our data, we propose that, during the estab-to arrest the cell cycle after stage 6. Alternatively, PAR-1
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Membrane Fractionations, Western Blotting, and IFlishment of epithelial polarity, PAR-1 accumulates on
Membrane-fractionation experiments were performed according tothe lateral PM via interactions between the spacer do-
Kondylis and Rabouille 2003 [27] and began with 107 S2 cells ormain and an unknown membrane bound receptor, and
20 ovaries per sample. Western blottings were performed as in
possibly via exclusion from the apical PM by aPKC. Markussen et al., 1995 [28]. Primary antibodies used for Western
From its lateral PM localization, PAR-1 might control blotting were as follows: affinity-purified rabbit anti-PAR-1 spacer
(1:300) [7], affinity-purified rabbit anti-GFP (1:1000, Santa Cruz), andapico-basal polarity by lateral exclusion of the aPKC/
monoclonal mouse anti-tubulin DM1 (1:2500, Sigma). The blots wereBazooka/PAR-6 complex and by regulating other polar-
incubated with secondary antibodies coupled to HRP (1:250) andity effectors.
visualized by ECL (Amersham). Antibody stainings on ovaries were
performed according to Tomancak et al., 2000 [7], with the exception
of MT stainings, which were performed according to Doerflinger etExperimental Procedures
al., 2003 [4]. IF on S2 cells was performed as follows: Cells were
fixed in 4% paraformaldehyde (Polysciences) in PBS for 10 min,Molecular Biology
washed, and extracted in 0.5% Triton X-100 in PBS for 10 min, andpRM-GFP-PAR-1 (N1S) for expression of GFP-PAR-1 in S2 cells
incubated for 45 min with a dilution of the primary antibody in 0.5%was generated by insertion of the PAR-1 N1S c-DNA, excised from
BSA and 0.1% Triton X-100 in PBS. Cells were washed and incu-pCaTub67C-GFP-PAR-1 (N1S) [10] via the BamHI/XhoI restriction
bated for 45 min with FITC- and rhodamine-conjugated secondarysites, into the BamHI and SalI restriction sites of pRM-GFP (a gift
antibodies and phalloidin (1:500, Molecular Probes) in 0.1% Tritonof G. Jekely). The in-frame GFP fusion was reconstructed by the
X-100 in PBS. Antibodies used for IF are: Mouse anti GP120 (1:100)insertion of a KpnI/BamHI PCR GFP fragment. GFP-PAR-1 mutant
[29], mouse anti--tubulin DM1 (1:500 Sigma), rat anti-DE-cadherinconstructs were created by PCR with pRM-GFP-PAR-1 (N1S) as a
DCAD-2 (1:100) [30], rabbit anti-aPKC (1:500, Santa Cruz), mousetemplate; they were sequenced and cloned in the BamHI and SbfI
anti-Dlg (1:100 Developmental Studies Hybridoma Bank), and rabbitsites of pRM-GFP. Primers were as follows:
anti-phospho-Histone 3 (1:500, Sigma). Confocal images (Leica NT)pRM-for: 5-GTGCATCAGTTGTGGTCAGCAGC-3,
were edited with Photoshop (Adobe).PAR-1 SP-rev:
5-GATCCCTGCAGGTCAAAACCCCATGTTCATCCAC-3,
IEMPAR-1 SP-for: 5-GATCGGATCCATGGGGTTTGAGGAGG-3,
Ovaries dissected from 3-day-old Oregon R females were fixed inPAR-1 SP-rev:
2% PFA and 0.2% paraformahedyde in 0.2 M Phosphate buffer5-GATCCCTGCAGGTCAGGGACGTTTGCTAAAACG-3,
(pH 7.4) for 3 hr and processed for cryosectioning [31]. UltrathinPAR-1 T*-for:
cryosections were labeled with rabbit polyclonal anti-GFP antibody5-CATGGGGTTTGCGGCGGCCGCACTCAAGCCCGCTATTGAG
diluted 1/100 (Molecular Probes) or the affinity-purified rabbit antiCCC-3,
PAR-1 N1 [15], followed by 10 nm protein A gold secondary antibodiesPAR-1 K*-for:
and embedding inmethyl-cellulose. Sectionswere viewedunder a Jeol5-CAAAGCTGGACGCGTTCTGCGGTGCCCCGCCATATG-3,
transmission electron microscope. The percentage of gold particlespRM-rev: 5-AATTAAGTAGAGCGTTTATCAG-3.
on the different subcellular compartments shown in Table 1 wasWe generated the corresponding pUASp version of the PAR-1
estimated in FE cells according to the following criteria. The Golgimutants by subcloning the KpnI-SbfI fragment of the GFP-PAR-1
area is defined by nonstacked cisternae and surrounding vesiclesc-DNAs into the KpnI-SbfI sites of a modified version of pUASp [23].
and tubules. Endosomes are defined as vacuoles, being electron-
lucent, or being filled with either vesicles or multiple sheets of mem-
branes. The ER was recognized by the cisternae of about 90 nmFly Genetics
width. The nucleus was recognized by the nuclear envelope. TheFly lines carrying UAS GFP-PAR-1 mutant transgenes were estab-
free cytoplasmic pool represented the gold particles not associatedlishedwith standard techniques. For in vivo localization experiments
with membranes. About 500 gold particles were assigned to the(Figure 1), crossing GFP-PAR-1 flies with flies carrying the CY2-
different compartments in two different experiments.GAL4 driver [24] or the GR1-GAL4 driver [25] allowed GAL4-medi-
ated expression of the transgenes in the columnar FE. Between two
Supplemental Dataand four independent GFP-PAR-1 lines per transgene were used.
Supplemental figures are available with this article online at http://In vivo rescue experiments were performed with the following modi-
www.current-biology.com/cgi/content/full/15/3/255/DC1/.fication of the MARCM technique [26]: Flies carrying the par-1 null
allele, par-1W3, recombined on the FRT G13 [2], and the appropriate
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